Free convection between two interconnected reservoirs, due to density differences maintained by heat and salt transfer to the reservoirs, is shown to occur sometimes in two different stable regimes, and may possibly be analogous to certain features of the oseanic circulation.
The density of sea-water is modified while at the surface by two distinct processes: heating and cooling, which change the temperature, and precipitation and evaporation, which change the salinity. In many important oceanic regions these two density modifying processes work contrarily to one another. For exam le, the water in and above the main thermoc P,, . e in all subtropical oceans is able to float on top of the denser deep water (we neglect here all consideration of the "salt-fountain" effect) because its density is depressed through surface heating -but the excessive evaporation in these same latitudes is able to increase the salinity of the surface waters to such an extent that in general their density contrast with deep waters is only one half of what it would be on the basis of temperature alone. In some large semienclosed seas (e.g. Mediterranean and Red Seas) subject to similar surface heating and evaporation, the salinity can have a predominant influence on the density field.
By qualitative comparison of these cases we form an impression that the heat transfer mechanism has a more rapid effect on the density of a newly arriving parcel of water, but that in the long run, given sufficient time, evaporation can reverse the thermal influence.
We do not know enough about the details of oceanic circulation to pursue these questions in their full complexity in nature but we can explore their implications in simple idealized systems. That is all we propose to do here.
First, let us consider a very simple system: a vessel of water stirred so as to maintain uniform tem erature T and salinity S. (fig. I ) .
The walls o P the vessel are made of a porous substance which permits transfer of heat and salt in a simple linear fashion: We are interested primarily in cases where R >I, because this corresponds to the case where the density at x = I, y = I is greater than that at x = 0, y = 0. The time rate of change of density at any time is
If in the special case x o = y 0 = o , the quantity R6 < I, but R > I then in the beginning at t = o the density at first decreases, but eventually increases again until at t = m it is greater than at the beginning. The entire process can easily be visualized on an S,T diagram or in nondimensional terms, the x , y plane. In figure   2 , the lines of constant density anomaly /(aT) are drawn for the case R =z.
The density anomaly is o at the initial condition x = 0, y = 0, and at the asymptotic limit t +m, where f = q/c denotes a dimensionless flow rate.
The equilibrium values of x, y which obtain in the vessel are
The water which enters the vessel has zero density anomaly. When it leaves its density may be greater or less than that entering depending upon the flow ratef.. The points x, y corresponding to the salinity and temperature of the outflow lie along the curve: figure 4 for the value 6 = The actual points x, y for certain choices of flow ratef'. The shape of the curve depends only upon 6. The position of the points x, y on this curve depends only on f'. If we now choose R = z as before we can draw the same lines of density anomaly as in figure 2. Hence the most dense outflow occurs €or very small discharge rates f' + 0, the outflowing water being denser than that flowing into the vessel. On the other hand, the position of points for whch '/4 <: f ' s m indicates that in this range of discharge the outflow is less dense than the inflow. The purpose of exploring these extremely simple models has been to lay a groundwork for the remarks made in the introduction where it was stated that the very different density structure in the Atlantic and Mediterranean might be simply due to different rates of flow, but the models are obviously too idealized for direct application to natural conditions. They are, however, suitable to use as a basis for exploring further consequences of the density transforming processes : in particular the fact that the flow rates in free convective systems depend upon the density differences themselves. There is a kmd of "feedback" of the density difference produced upon the flow rate which produces it, that now must be introduced into the system in a simple way. The easiest way to accomplish t h s is to introduce another stirred vessel surrounded by a resevoir at -T , and -S, as shown in figure 5 .
The two vessels are connected by a large overflow at the top so that free surface of water is level across the top of each vessel. Connecting them at the bottom is a capillary tube whose resistance k is such that the flow q in the tube is directed from the h g h pressure (hgh density) vessel toward the low pressure The flow 4 is positive if directed from vessel I to vessel 2, and negative otherwise. There is, of course, a counterflow of the same amount returning through the overflow, so that the volume of water in each vessel remains the same. We are concerned with solution of symmetric form, so we can define a single temperature T = T I = -T , and a single salinity S = S, = -S,, so that the laws for conservation of temperature and salinity are simply
(S-S)-1241s
It is important to note that in the second term on the right hand side the flux enters with an absolute value sign. This means that the exchange of properties is insensitive to the direction of the circulation. Introducing the previous notation, and defrning is a stable node, whereas point c is a stable spiral. Point b on the other hand is a saddle point, so that the system would not stay in that state if perturbed ever so slightly.
A similar sketch for the system where only one equllibrium point (g in figure 6 ) in the system where R=z, 6=1, A=1/5 is shown in figure 8 . It is a single stable node.
The fact that even in a very simple convective system, such as here described, two distinct stable regimes can occur (as in figure  7 )-one (point a) where temperature differences dominate the deiai differences and is from the cold to the warm vessel, and the other where salinity dominates the density difference so that the flow in the capillary is opposite, from warm to cold-suggests that a similar situation may exist somewhere in nature. One wonders whether other quite different states of flow are permissible in the ocean or some estuaries and if such a system might jump into on of these with a sufficient perturbation. If so, the system is inherently frought with possibilities for speculation about climatic change. Such a perturbation could be in the 
Appendix
The question of the stab&ty of the equili,.,- The numerical values of all quantities are calculated in Table I for the systems shown in figures 7 and 8. 
